This study provides a systematic description of French consonant acquisition in a large cohort of pre-school aged children: 156 children aged 20-53 months participated in a picture-naming task. Five analyses were conducted to study consonant acquisition: (1) consonant inventory, (2) consonant accuracy, (3) consonant acquisition, (4) a comparison of consonant inventory to consonant acquisition, and (5) a comparison to English cross-sectional data. Results revealed that more consonants emerge at an earlier age in word initial position, followed by medial position, and then word final position. Consonant accuracy underwent the greatest changes before the age of 36 months, and achieved a relative plateau towards 42 months. The acquisition of consonants revealed that four early consonants were acquired before the age of 36 months (i.e., /t, m, n, z/);
Introduction
The aim of this study is to describe how Frenchspeaking children acquire consonants. Although more than 65 million individuals from more than 50 countries speak French as a first language (Gordon, 2005) , little is known about consonant acquisition among French-speaking children. Previous studies have been limited in scope, consisting of longitudinal studies of one or two children, or a group study with a narrow age range. In contrast, the present study includes 156 French-speaking children aged 20-53 months. This study provides preliminary benchmarks for evaluating children's speech and contributes to understanding cross-linguistic similarities and differences in consonant acquisition.
Developmental trends in phonology have been identified based largely on data from English-speaking children. A gradual transition between babbling and first words is reported between the ages of 12-18 months, characterized by a period of overlap where children produce both babbling and words (StoelGammon & Dunn, 1985) . This transition to first words is typically followed by a rapid expansion of the child's lexicon from the age of 18 months, although there is also a large degree of variability in the timing of this expansion (Bates, Marchman, Thal, Fenson, Dale, Reznick, et al., 1994) . The growth of the lexicon has been hypothesized to be a factor driving the development of the phonological system: children need to learn new phonemes in order to make contrasts among the new words they are learning (Storkel & Morrisett, 2002) . Crosssectional studies of phoneme acquisition in English indicate that nasals, stops, and glides are mastered early, whereas liquids, fricatives, and affricates develop later (e.g., Arlt & Goodban, 1976; Prather, Hedrick, & Kern, 1975; Smit, Hand, Freilinger, Bernthal, & Bird, 1990) . Research on phonological development in languages other than English indicates that these general trends hold across languages (e.g., Arab: Amayreh & Dyson, 1998; Cantonese: So & Dodd, 1995; Turkish: Topbaş, 1997) , but further data is needed to distinguish between language-specific trends and ''universal'' trends in phonological development. A greater understanding of phonetic and phonological development in languages other than English would allow validation of hypotheses, and greater accuracy when identifying speech sound delay or disorders in children from other linguistic groups.
In the absence of language-specific data, speechlanguage pathologists practicing in francophone (i.e., French-speaking) communities, such as in Québec, Canada, tend to compare the phonological development of francophone children to norms that are available for English. This is problematic for a number of reasons including differences in (1) the perceptual and motor details of phonemes (e.g., MacLeod & Stoel-Gammon, 2009; Sundara, Polka, & Genesee 2006) , (2) the frequency of occurrence of phonemes (Crystal, 1995; Malécot, 1974) , and (3) the stress systems (DiCristo, 1999) . These differences may influence not only the order but also the rate of phoneme acquisition. English norms may provide general guidelines, but they are not sensitive to developmental differences in French and their direct application to French-speaking children may result in misidentification of disorder and inappropriate selection of treatment targets.
Studying consonant acquisition
Longitudinal studies of consonant acquisition, and phonological development more broadly, have focused on describing how phonemes are acquired and spread through the child's lexicon (e.g., Ferguson & Farwell, 1975; Sosa & Stoel-Gammon, 2006; StoelGammon, 1985) ; in contrast, cross-sectional group studies of consonant development typically focus on the accuracy of consonant production by a certain percentage of participants at each age level.
Researchers report on the consonants that children produce and which of these they produce accurately. Stoel-Gammon (1991) proposed a phonetic inventory analysis, which describes the child's phonological system independent of an adult model and provides an indication of consonant emergence. An emerging consonant is one that 75% of children in a sample produce, regardless of whether it is the intended adult target (So & Dodd, 1995) . Researchers have also described which consonants are produced accurately by children in a particular sample. In response to the variability observed across consonant acquisition and reporting of developmental norms, Sander (1972) suggested reporting on ''customary production'' and ''mastery''. He defined customary production as the age of earliest correct production of the consonant in words; for practical purposes, this was quantified as the point at which 51% of children in a sample correctly produce the consonant in initial and final word positions. He defined ''mastery'' as the point at which 90% of children in a sample correctly produce the consonant in initial and final word positions. In their normative study of phonological development, Prather et al. (1975) reported an intermediate landmark: the age when 75% of the children in the study accurately produced the target consonants in initial and final word positions. Amayreh and Dyson (1998) integrate these three thresholds in their study of phonological development among 180 children acquiring Arabic based on a sample of 58 target words: they report on customary production (i.e., more than 50% of children produce the target consonant), acquisition (i.e., more than 75% of children produce the target consonant); and mastery (i.e., more than 90% of children produce the target consonant).
Descriptions of children's emerging and accurately produced consonants provide insight into their phonetic and phonological systems. So and Dodd (1995) proposed comparing the age when consonants emerged to the age when the consonants were mastered. In their study of the acquisition of Cantonese, So and Dodd (1995) suggested that consonants that were emerging (i.e., produced by 75% or more of the children, regardless of whether it is accurate in the word) indicated that children could produce the speech sound from a motor point of view, but that linguistic factors influenced the mastery of the consonant.
Two quantitative measures common to both longitudinal and cross-sectional studies of consonant acquisition are percentage consonants correct (PCC) and phonological mean length of utterance (PMLU). The PCC provides an average of consonant accuracy that is calculated for each word by dividing the number of correctly produced consonants by the total number of consonants in the target word (Shriberg & Kwiatkowski, 1982) . The PMLU complements PCC by disambiguating consonant errors and consonant omissions (Ingram, 2002) . The PMLU measure combines consonant accuracy and word complexity and is calculated by counting the number of consonants and vowels in the word produced by the child, and adding the number of consonants correct (e.g., school produced as /sul/: one point for each consonant and vowel (i.e., 3 points) then add two points for the two correct consonants resulting in a PMLU of 5 for this production). By comparing the PMLU of the child's production to the adult target, one can calculate the whole word proximity (WWP), a measure that describes the proximity between the child's production and the target form (e.g., child's production school /sul/; target: school /skul/, PMLU ¼ 5; PMLU ¼ 7; WWP: 5/7 ¼ .71).
Cross-sectional studies of consonant acquisition
The tradition of cross-sectional studies of consonant acquisition is perhaps best documented in English. Sander (1972) provides a key summary and critique of early studies. Since then, four normative crosssectional studies of English consonant acquisition have been reported: Prather et al. (1975) , Arlt andon consonant production because consonants are more reliably transcribed (Pollock & Berni, 2001) , consonants appear to develop over a longer time period than vowels (Dodd et al., 2003; Smit et al., 1990) , and vowels can vary greatly from one dialect to another (Pollock & Berni, 2001) . Prather et al. (1975) studied 147 children acquiring English between the ages of 2;0-4;0. Each child produced 40 target words in a picture-naming task. Consonants in word initial and word final position were analysed (and some consonants were elicited more than once). The percentage of children at each age group correctly producing each consonant in word initial and final position was reported. Arlt and Goodban (1976) studied 240 children between the ages of 3;0-6;0 (160 children were between the ages of 3;0-4;6) using a picture-naming task to elicit the production of 48 words. Consonants were targeted in word initial, medial, and final position; multiple opportunities for some consonants existed, but analysis was limited to production in a specific word (e.g., although /k/ was elicited in both king and carrot, it was only measured in king). The earliest age at which 75% of children in a given age group accurately produced the consonant was reported. Smit et al. (1990) investigated consonant development in a large cohort of children (997 participants) aged 3;0-9;0 (288 children were between the ages of 3;0-4;6). This study was a validation of normative data reported by Templin (1957) . A picture-naming task was used to elicit 80 words. Consonants were targeted in word initial, medial, and final position and most word initial clusters were included. Some consonants were elicited multiple times. The authors analysed the percentage of children in each age group who accurately produced the target consonant and consonant cluster.
Most recently, Dodd, Holm, Hua & Crosbie (2003) reported on consonant acquisition by 684 Britishspeaking children aged 3;0-6;0 (234 between the ages of 3;0-4;6). Two tasks were used to elicit the speech samples: an ''articulation'' task based on the naming of 30 pictures, to calculate phonetic inventory based on targeted consonants in word initial and final position; and a phonological task based on the naming of 50 words, to calculate consonant accuracy and analyse error patterns. In addition to a phonological processes analysis and consonant accuracy, the authors reported the earliest age at which 90% of children in a given age group accurately produced a consonant.
Taken together, the strength of these studies stems from the broad age range targeted, the number of participants, and the inclusion of all consonants in various word positions. As a result, these four studies provide a rich description of the consonant acquisition that contributes key information regarding developmental trends for individual consonants. These descriptions suggest interesting patterns of development to explore in greater detail through longitudinal studies and provide an overview of consonant acquisition that can guide clinical practice. In fact, the methodology developed in these studies has been used in studies of consonant acquisition in other languages such as Arab (Amayreh & Dyson, 1998) , Cantonese (So & Dodd, 1995) , Maltese (Grech & Dodd, 2008) , and Turkish (Topbaş, 1997) . However, these large scale crosssectional studies have a number of short-comings: only Dodd and colleagues reported on the types of errors children made; vowels were excluded from the analysis across the four studies; medial word position was only targeted in Smit et al. (1990) and Arlt and Goodban (1976) ; and a small set of target words were included, ranging from 30-80 words.
Phonological characteristics of (Québécois) French
Québécois French is a variety of French spoken by *6 million residents of the Canadian province of Québec (Statistics Canada, 2006) . Based on descriptions by Walker (1984) and Picard (1987) , this variety of French has a relatively large consonant inventory, as compared to other languages, consisting of 20 consonants: the voiceless unaspirated stops /p, t, k/; the pre-voiced stops /b, d, g/; the voiceless fricatives /f, s, $/; the voiced fricatives /v, z, Z/; the liquid /l/; the uvular fricative rhotic /å/; the glides /w, j, H/; and the nasals /m, n, J/. The vowel inventory consists of 16 monophthongs that are contrasted based on tongue height and tongue advancement, lip rounding, and nasality. In addition, three common allophonic processes are observed among many speakers of Québécois French (Martin, 2002; Picard, 1987; Walker, 1984) French syllable structure allows for single short vowels as the minimal syllable shape and as many as three consonants in the onset or coda of a syllable, and up to four consonants in word medial positions (Rose & Wauquier-Gravelines, 2007) . However, only certain consonants are permitted in more complex onsets and codas: /s/ þ obstruent þ liquid or glide (or both in onsets in medial word positions). Developmental evidence based on 14 French speaking children suggest that consonant-glide clusters are syllabified by French children as branching onsets (e.g., the syllabification of moi /mwa/ would have /mw/ in the onset and /a/ in the nucleus) (Kehoe, Hilaire-Debore, Demuth & Lleo, 2007) ; although a case study of two French speaking children has suggested that these clusters are initially syllabified as rising diphthongs (e.g., the syllabification of moi /mwa/ would have /m/ in the onset and /wa/ in the nucleus as a rising diphthong) (Rose, 2000) . Final consonants in clusters in word final position are frequently deleted in colloquial speech; this observation has led to a number of hypotheses regarding the status of these word final clusters (for discussion see Demuth & Kehoe, 2006; Hilaire-Debove & Kehoe, 2004; Rose, 2000; Rose & dos Santos, 2010) .
Four phonotactic processes are characteristic of French, and are observed in Québécois French (Rose & Wauquier-Gravelines, 2007; Tranel, 1995; : liaison, enchainment, elision, and the ''loi de position''. Liaison is the process where ''silent'' word final consonants can become the onset of the following word if it begins with a vowel (e.g., liaison for les amis /lE.za.mi/, but not les chats /lE.$a/). Similarly, enchainment occurs in contexts were a word final consonant precedes a word that begins with a vowel; this context typically leads to the word final consonant being pronounced as the onset of the initial syllable in the following word (e.g., jeune enfant /Zoe.nã.fã/). Elision describes the deletion of the vowel in clitics when the clitic appears in front of vowel initial words. This process has been integrated into the orthography of French (e.g., *le ami vs l'ami / la.mi/). The ''loi de position'' is a process that favours the appearance of lax vowels in closed syllables and tense vowels in open syllables (e.g., thé /te/, vs tête, /tEt/; jeu /Zø/, vs jeune /Zoen/).
With regards to the prosodic structure, French is generally classified a syllable timed language-where every syllable occupies roughly the same amount of time (e.g., Fletcher, 1991) . More recently, however, linguists have questioned this generalization and suggest that spoken French has two possible locations for phonological stress. The first type of stress falls on the last syllable of the word or the utterance (or the penultimate syllable in cases where the final syllable contains a schwa) and the second type of stress falls on the initial syllable of the word (DiCristo, 1999; . This model of French stress proposes that initial stress serves a rhythmic function: it is used to avoid final accentuation clash or to avoid producing too long of a sequence of unstressed syllables (DiCristo, 1999; . Intonation, in French, is associated with stressed syllables and varies based on the speaker's intention (e.g., asking a question, stating a fact, or giving an order) (DiCristo, 1998) .
Finally, early words appear to be longer in French than in English. Based on the words included in the French version of the MacArthur-Bates Communication Development Inventory (Trudeau, Frank, & Poulin-Dubois, 1997) , the early French lexicon has more multisyllabic words (66%) than monosyllabic words (33%); in comparison, the relationship between multisyllabic and monosyllabic words in the English version is reversed (i.e., 38% multisyllabic vs 61% monosyllabic).
Phonological development of French children
The phonological development of francophone children has been described in longitudinal case studies (dos Santos, 2007; Rose, 2000) , diary studies (e.g., Deville, 1891 was re-analysed in Demuth & Johnson, 2003) , and studies of a small cohort of children (De Boysson-Bardies, Halle, Sagart, & Durant, 1989; Hilaire-Debove & Kehoe, 2004; Kern & Davis, 2009; MacLeod & McCauley, 2003; Martinet, 1974; Vinter, 2001; Whalen, Levitt & Wang, 1991) . A general description of phonological development in French from babbling to the age of 6 years can be gleaned from these sources.
At the babbling stage, three cross-linguistic studies included infants acquiring French. Whalen et al. (1991) compared the babbling of five French infants and five English infants between the ages of 5-13 months. Their analyses revealed that French infants produced more rising intonation than did English infants. This was thought to reflect the mothers' input. De Boysson-Bardies et al. (1989) studied the babbling of 20 infants, aged 10 months, from French, English, Cantonese, and Arabic language environments. Infants from each language environment produced vowels that were similar to those produced by adult speakers of the same language, such that the English and French infants had more diffuse vowel formants than the Cantonese and Arabic infants. Kern and Davis (2009) report on a cross-linguistic study of babbling among four children from each of the following languages: Turkish, French, Romanian, Dutch, and Tunisian Arabic. They observed that the French infants produced more nasals, more labial consonants, and produced more variegated babbling than the infants from the other languages.
In the early speech stage, three studies have investigated how French children acquire aspects of their phonology. Vinter (2001) studied 16 French speaking children in France between the ages of 1;11-2;1. Vinter reported that these children produced more monosyllabic words than bisyllabic words in spontaneous speech. More than 75% of the children produced /p, t, m, n/ accurately in initial position, and more than 50% of children produced /b, d, f, v, l/ accurately in initial position and /t, m, v/ accurately in final position (Vinter, 2001) . The average percentage consonants correct (PCC) was 69%. Common error patterns at the age of 2 were syllable simplification, substitutions, and assimilations (Vinter, 2001) . In Hilaire-Debove and Kehoe (2004) , the researchers studied coda production by 15 French speaking children aged 1;8-2;8 in a picture and object naming task consisting of 29 words. These children were observed to produce codas more frequently in monosyllabic words than bisyllabic words. The errors produced in coda position were substitutions in monosyllabic words and omissions in bisyllabic words. In Demuth and Kehoe (2006) , 14 French-speaking children aged 1;10-2;9 were observed in a toy and picture-naming task with 35 target words. These children were observed to produce word-initial clusters more accurately than word-final clusters. These three studies provide preliminary data on phonological development in French speaking children, but the differences in focus of the studies make it difficult to draw general conclusions about development in this period.
For pre-school and early school-aged children, three studies have reported on the phonological system of French-speaking children. MacLeod and McCauley (2005) investigated speech sound production by children with specific language impairment and four typically-developing Québécois French speaking children aged 2;5-3;10 engaged in a spontaneous speech task with their parent. The typically-developing children produced all consonants but the fricative /z/ three or more times, in at least two word positions (initial, medial, or final) in spontaneous speech. These children produced an average percentage consonants correct of 98%, a phonological mean length of utterance of 4.67, and a whole word proximity score of .98. In Martinet's (1974) study of 25 French speaking children aged 4;8-5;5 in a picture-naming task, he reported that these children continued to produce voicing errors and errors in sibilant production (i.e., /s, z, $, Z/). Finally, Martinet (1974) reports briefly on a survey of 6-year-old French children who had mastered most consonants, but the aforementioned sibilants continued to be problematic for some of the children.
Together these studies suggest that francophone children follow general trends for phonological development, such as early acquisition of stops and nasals, and later mastery of sibilants. However language-specific differences between French and English are difficult to address due to a number of issues. First, our knowledge of the acquisition of French is based on a few studies with a small number of participants across a broad age range. Second, the studies differ with regards to methodology: for example, the speech sample may be based on spontaneous speech or picture naming; the context may be laboratory or home; and the interlocutor may be a parent or a researcher. These differences in methodology may influence the nature of the results and the generalizability of the findings. Finally, the studies vary with regards to the analyses conducted: some focus on acoustic differences (e.g., babbling studies reported above), others report on phonological development (e.g., MacLeod & McCauley, 2005; Vintner, 2001) , and others focus on a phonological analysis (e.g., Demuth & Kehoe, 2006; Hillaire-Debove & Kehoe, 2004) . Although a large-scale cross-sectional study will not reveal individual acquisition patterns, it will contribute much needed data towards documenting developmental trends in phonological acquisition of French. In the present study, we take the first step towards creating a normative data sample of consonant acquisition among francophone children.
The current study
The goal of the current study was to describe the acquisition of consonants in Québécois French among typically-developing children aged 18-54 months using a cross-sectional sampling method. These data were part of a larger project to establish preliminary normative information about expressive and receptive language in pre-school-aged children who speak Québécois French. Five levels of analysis were applied to the phonological data: (1) phonetic inventory, (2) consonant accuracy, (3) consonant acquisition, (4) comparison of consonant inventory to consonant acquisition, and finally (5) comparison of French consonant acquisition and mastery to English cross-sectional data.
Based on the data available in English and from previous studies of French phonological development noted above, we expected that consonants acquired early would include voiced labial and coronal stops and nasals, whereas consonants acquired late would include sibilants, /s, z, $, Z/, the liquid /l/. However, we expected differences to be observed in the acquisition of specific consonants due to differences between English and French in phonetic details, consonant frequency, and stress systems. For example, the difference in the phonetic details of consonants may be observed in the acquisition of stop consonants, since French has a different phonetic voicing contrast than English. French stop consonants in word-initial position contrast between pre-voiced and short voice onset time, whereas English stop consonants in the same position contrast between short and long voice onset time (MacLeod & Stoel-Gammon, 2009) . Another difference in phonetic details is the production of the rhotic consonant: the rhotic is a bunched or retroflexed alveolar approximant in English, and a uvular fricative in French. Differences in consonant frequencies may be observed for the voiced alveopalatal fricative, /Z/, such that /Z/ would be acquired earlier in French since it is more frequent and has a broader distribution in French (Crystal, 1995; Malécot, 1974) ; however, the alveo-palatal fricative is relatively infrequent cross-linguistically (Maddieson, 1984) , and thus may lead to later acquisition in French. Finally, the difference in stress systems may be observed since English words tend to be trochaic (strong-weak), whereas the stress pattern of French is governed by phrase-level considerations often resulting in stress on the final syllable of the word in an utterance. This difference may lead to different patterns of accuracy of word initial and word medial consonants.
Method

Participants
The participants were 156 monolingual Québécois French-speaking children ranging in age from 20-53 months, with an approximately equal distribution of boys and girls in each age group (with the exception of the youngest age group, which had more girls). All children were reported by their parents to have typical speech and language development. In addition, the children's language abilities were examined systematically as part of the larger project. If any cause for concern was noted, the child was excluded from the study and the parents were advised to seek a professional evaluation for the child. Table I provides a summary of the number and gender of the participants in each group. The study was conducted in accordance with the ethical standards of the responsible committee on experiments with human subjects.
Stimuli A picture-naming task was used to elicit the target words: Casse-tête d'évaluation de la phonologie (Auger, 1994) . This is a clinical tool for which norms have not yet been established, consisting of a set of puzzles in which each of the target words is represented. The stimuli were 40 target words that represented all possible initial, medial, and final consonants of Québécois French, and a sub-set of possible consonant clusters in syllable initial, medial, and final word positions (see Appendix A). Word medial consonants were in syllable initial position, with the exception of two words in which the target rhotic fricative, /å/ was in syllable final position (i.e., persil and fourchette). The target words varied in length from one to three syllables. The words were nouns that could be represented with a picture, and were likely to be familiar to young children.
Task administration
Research assistants who were fluent speakers of Québécois French assessed each child individually in French in a quiet room. The child was asked to name each picture and then to place it on a felt board. The examiner prompted a response by asking ''Qu'est-ce que c'est?'' (What is this?). If the child did not name the item, additional cues were given that included questions, prompts, and request for imitation. Imitation was encouraged in cases where the child did not know the target word. Imitation was permitted to increase the available data set, especially among the youngest children; however, some younger children also refused to say the target word. By including imitated productions, the task difficulty was more similar across the age groups; however, it may have artificially enhanced the accuracy of certain phonemes at the youngest group. The youngest age group, 20-23 months, required a model for more than 70% of their productions, but the remaining groups required a model for 40% or less of word productions (40%, 28%, 8%, and 5% for children 24-35 months, 36-41 months, 42-47 months, and 48-53 months, respectively). Thus, the number of models diminished rapidly with age and the number of words produced remained above 90% for all age groups.
Data reduction
Based on video recordings, a phonetic transcription was completed by trained francophone research assistants. To protect against transcribers' bias, the responses in this study were transcribed, rather than coded using a binary ''correct/incorrect'' system. Two research assistants transcribed each session independently. These transcriptions were compared and consensus was used when the transcriptions differed; thus, together the transcribers reviewed the video and agreed on the transcription that was the closest to what they perceived. The mean percentage of consonant agreement for these transcriptions was 94% across all groups, with a minimum of 90% for the youngest group and a maximum of 97% for the oldest group. Whether the child produced the target spontaneously or following an adult model was also noted. The transcribed samples were then entered into worksheets using IPA symbols for the data analysis.
Analyses
Since a large number of children participated in this study, and each child produced the same set of target words, the data analysis focused on group patterns based on individual measures. Five analyses were completed based on this data. (1) In the phonetic inventory analysis an emerging consonant was defined as a consonant that 75% of children produced, regardless of whether it was the intended adult target. This analysis was conducted for each age group for word initial, medial, and final position.
(2) The accuracy analysis compared the children's productions to the correct adult form (Stoel-Gammon, 1991) . There were two measures of production accuracy for all consonants: percentage consonant correct (PCC) (Shriberg & Kwiatkowski, 1982) and percentage of whole word proximity (WWP) (Ingram, 2002) . Performance across age groups was compared using an ANOVA with one factor for each of these two measures, PCC and WWP. (3) The acquisition analysis was based on the correct production of consonants to determine three levels of phonemic inventory: customary, acquired, and mastered. This analysis was completed for singleton consonant production across the three word positions (initial, medial, and final), and for consonant clusters. Consonants were classified as customary if correctly produced in a minimum of two word positions by at least 50% of children at a given age; as acquired if correctly produced in all positions by at least 75% of children at a given age; and as mastered if correctly produced in all positions by at least 90% of children at a given age. (4) The comparison analysis linked phonetic inventory to consonant acquisition by comparing the age when consonants emerged to the age when the consonants were mastered. (5) The last analysis compared consonant acquisition and mastery in French to four cross-sectional studies of English: Arlt and Goodban (1976) , Dodd et al. (2003) , Prather et al. (1975) , and Smit et al. (1990) .
Results
Consonant inventory
The consonant inventory analysis is based on a measure of emerging speech sounds (summary presented in Table II 
Consonant accuracy
The two measures of production accuracy, PCC and WWP, were compared across the six age groups. The group means and standard deviations for these two measures are presented in Table III . Separate ANOVAs were used to investigate group differences for each measure.
For PCC, the ANOVA revealed significant group differences (F(5, 152) ¼ 31.86, p 5 .0001). A posthoc Student's t-test was used to investigate these group differences (corrected for 15 comparisons: 
a Youngest age at which consonants are produced by more than 75% of the children in each group, regardless of whether they are correct. .05/15: p 5 .003) and the results are presented in Table IV . The t-tests revealed: (1) at 20-23 months the children's mean scores were significantly different from the remaining groups; (2) at 24-29 months, the children's mean scores were also significantly different from other groups; (3) at 30-35 months, the children's mean scores were not significantly different from children aged 36-41 months, but were significantly different from those of the older children aged 42-47 and 48-53 months; and (4) children in the three older groups (i.e., 36-41, 42-47, and 48-53 months) were not significantly different from oneanother. Contrary to our expectations that change would occur gradually, these results show that the greatest change occurred across the three youngest groups, and that a relative plateau was established across the three older groups. The results from the WWP parallel those reported above for PCC: the ANOVA revealed significant group differences (F(5, 152) ¼ 19.33, p 5 .0001). These group differences were investigated using a post-hoc Student's t-test (corrected for 15 comparisons: p 5 .003) and the results are presented in Table IV . The results from the t-tests were similar to those found for PCC, with the exception that the greatest amount of change occurred between the ages of 24-29 and 30-35 months: (1) the mean scores for children in the two youngest age groups (20-23 and 24-29 months) were not significantly different from one another, but they were significantly different from the four remaining groups; (2) the mean scores for children aged 30-35 months were not significantly different from those of children aged 36-41 and 42-47 months, but were significantly different from those of children aged 48-53 months; and (3) mean scores of the children in the three older groups (i.e., 36-41, 42-47, and 48-53 months) were not significantly different from one another. This suggests that word structures are beginning to stabilize at a slightly older age than consonant accuracy.
Consonant acquisition
The acquisition results are summarized in Table V . Recall that ''customary'' consonants were produced accurately by at least 50% of the children in a minimum of two word positions (i.e., word initial, medial, or final), ''acquired'' consonants were produced accurately by 75% or more of the children in all word positions, and ''mastered'' consonants were produced accurately by 90% or more of the children in all word positions. We selected the lowest age at which the children achieved each of these milestones.
Visual inspection of Table V allows for the identification of three sub-groups of consonants: early consonants, acquired and mastered before the age of 36 months; intermediate consonants, acquired and mastered between the ages of 37-53 months; and late consonants, not mastered by the age of 53 months. The four early consonants are primarily a coronal place of articulation and include a voiceless coronal stop (/t/), two nasals (/m, n/), and a voiced coronal fricative (/z/). The largest group of consonants is the intermediate group: the remaining stops (/p, b, d, k, K/), the palatal nasal (/J/), two fricatives (/f, v/), the rhotic (/å/), the liquid (/l/), and two glides (/w, H/). Finally, the children in this study did not master four consonants, and thus their range of acquisition extends beyond the age of 53 months. These late consonants include: three fricatives (/s, Z, $), and a glide (/j/).
Finally, consonant clusters were investigated within the production of 10 words: seven contained clusters in initial position, two in medial position, and one in final position. All but one cluster contained two consonants. Accurate production of clusters developed at a slower rate than singleton consonants, with only five of 10 clusters mastered by the oldest group (see Table VI ). At the youngest age group, accurate production of the target clusters remained below 50%. Customary production of clusters began at 24-29 months with the following and /kå/ and /bw/ at 48-53 months. The five clusters that were not mastered by these children include the optional word final cluster /bå/, two initial clusters containing rhotics /få/ and /tå/, a cluster with a glide /vj/, and the three-consonant cluster /skH/.
Comparison of consonant inventory to consonant acquisition
As expected, the consonants that were mastered early also emerged early across the three word positions: /t, m, n, z/ were mastered by the age of 36 months (as shown in Table VII ). For the intermediate and late consonants, three patterns were identified between emergence (i.e., the productions of the phone regardless of whether it is in the target word) and mastery (i.e., accurate production of the consonant across word positions by 90% of children). The first pattern was one of early emergence followed by a delay of more than 12 months in mastery (e.g., /s, j, $, Z, l/ in word initial position). The second pattern was later emergence followed by mastery within 6 months (e.g., /v, å, w/ in word initial position). The third pattern was late emergence and lack of mastery within the age range studied (e.g., /Z/ in word medial position). There is no clear relationship based on manner, voicing, or place of consonant production that could explain these three patterns.
Comparison to English cross-sectional studies
To explore the similarities and differences in crosslanguage phonological development, we compared the results of the present study to four studies of English (American English: Arlt & Goodban 1976; Prather et al. 1975; Smit et al., 1990; and British English, Dodd et al., 2003) . Three of these four studies reported acquired consonants only (i.e., 75% of children accurately produced the consonant) and two studies also reported mastered consonants (i.e., 90% of children accurately produced the consonant).
The results of this comparison are shown in Table VIII , and reveal important differences in the acquisition and mastery of consonants between French and English. First, voiced stops are mastered later in French; this may be due to the laryngeal-oral coordination required for pre-voicing, or possibly differences in frequency of occurrence across English vs French. Second, the acquisition of voiced labio-dental, /v/, and alveolar fricatives, /z/, occurred earlier in French than in English, but the mastery of all fricatives was similar across the two languages. Third, studies of English revealed a wide age range for consonant Table VII . List of emerging consonants (i.e., produced by more than 75% of the children in each group, regardless of accuracy) and mastered consonants (i.e., produced correctly by more than 90% of children across all word positions) for each group by word position. Consonant is produced accurately by 90% of children of a given age.
mastery of the lateral liquid, but the results from French fall within the reported range. Finally, the French rhotic was mastered at a much younger age than the ages reported in English, which may be explained by articulatory and perceptual differences in the rhotics across the two languages.
Discussion
This large-scale cross-sectional study was an initial step towards establishing norms for consonant acquisition among francophone children. The children's consonant productions were analysed in order to understand how consonant inventory, accuracy, and acquisition changes across the targeted age range. We compared consonant inventory to consonant acquisition, and examined how the results from this study relate to previous crosssectional studies of English consonant acquisition.
The present study provides additional descriptive data regarding phonological development in French. Two previous studies in French that reported on some of these measures and targeted children within the same age range can be compared to the present study: Vinter (2001) studied the spontaneous speech productions of 16 children between the ages of 1;11-2;1; and MacLeod and McCauley (2005) studied the spontaneous speech productions for four typically-developing children aged 2;5-3;11.
Consonant inventory
The results from the consonant inventory indicate that, in word initial and medial position, the youngest age group produced a wide variety of consonants, including fricatives. In initial position, the consonants found to emerge last were the labiovelar glide, /w/, and labio-palatal glide, /H/, and the uvular fricative rhotic, /å/. In medial position, the consonants that emerged last were the voiceless velar stop, the alveo-palatal fricative, and the uvular fricative. In contrast, the inventory of emerging consonants in word final position followed a different order: voiceless consonants, nasals, coronal fricatives, and the liquid and uvular fricative were present at the earliest age. In general, more consonants emerge at an earlier age in word initial position, followed by medial position, and then word final position. These results indicate that children are able to produce a variety of consonants at an early age, and that certain consonants are hindered or aided by their position in the word. For example, production of voiced stops is hindered in word final position, whereas production of the uvular fricative is aided in word final position. We will return to this issue in our discussion of measures of consonant acquisition to understand whether this pattern is also observed when the child must accurately produce the target phoneme.
Consonant accuracy
The results from the statistical analysis of consonant accuracy revealed that change in accuracy was not linear and gradual, but followed a rather sigmoid curve (i.e., ''s-shaped'' curve): the significant group differences in PCC and WWP were due principally to differences between the younger groups (i.e., children aged 20-23 and 24-29 months) and the older groups. For both measures, children aged 30-35 months were undergoing a period of transition: these children were significantly more accurate than their younger peers, and yet significantly less accurate than their older peers. The two measures of accuracy revealed a specific pattern of development across the groups: when accuracy scores approached ceiling, variability decreased, and the children were less likely to need a model. First, accuracy increased with age for the children under the age of 3 years, followed by near-ceiling performance among the older groups. The within-group variability also decreased with age and was most apparent for the younger groups (below 36 months). Finally, the need for models (i.e., imitated productions) decreased with age: the younger children were still inaccurate despite receiving models; however, children in the 36-42 month group appeared to be in transition such that they still needed the support of models, but were more accurate than their younger peers.
Comparison of these results to those of Vinter (2001) and MacLeod and McCauley (2005) show that the children in the previous studies obtained higher accuracy scores. In Vinter, the 2-year-old child obtained higher PCC scores than did the youngest group of children in the present study (i.e., PCC in Vinter: 69% vs PCC in present study: 57%). In MacLeod and McCauley (2005) , the level of mastery was near ceiling, whereas the PCC and WWP for the comparable groups in the present study were somewhat lower (i.e., at 30-35 months: PCC ¼ 81.5%, WWP ¼ 89.3%; and at 36-41 months: PCC ¼ 87.8%, WWP ¼ 94.5%). These discrepancies across the three studies may be due to the type of tasks in which the children participated. The earlier studies targeted spontaneous production, thus the children may have stayed within their comfort zone by producing a smaller variety of consonants, but producing these more accurately. In the present study, the children were asked to produce a set of words that included all the sounds of French; thus they produced a wider range of consonants but were also less accurate.
Consonant acquisition
The analysis of consonant acquisition revealed gradual acquisition and mastery of consonants across word positions. Consonant acquisition and mastery began in the earliest groups, but was most productive between the ages of 36-53 months: four early consonants were acquired before the age of 36 months (i.e., /t, m, n, z/); 12 intermediate consonants were acquired between the ages of 36-53 months (i.e., /p, b, d, k, K, J, f, v, å, l, w, H/); and four consonants were acquired after the age of 53 months (/s, Z, $, j/). In parallel with the pattern observed for emerging consonants, some were mastered early in one word position but not in another. In her study of spontaneous speech by 2-year-old children, Vinter (2001) reported that a much smaller number of consonants that were produced customarily or acquired than in the youngest group of the present study (e.g., word initial in Vinter (2001): /p, b, t, d, m, n, f, v, l/ vs. word initial in present study /p, b, t, d, k, K, n, f, Z, s, z). As was expected based on previous descriptions of phonological development, cluster production developed at a slower pace than singletons. The first clusters to be produced were those that involve independent articulators (e.g., lips and tongue, /bl/ or /fl/). Only five of the 10 clusters included in the target words were mastered by the age of 53 months. As noted in the consonant inventory analysis, different patterns of acquisition were observed based on the position of consonants within the word. These patterns suggest that children do not acquire a consonant in a uniform manner (Appendix B presents the patterns of phonological development for word initial, word medial, and word final position). For example, the development of bilabial stops varied based on their position in the word: they were produced accurately by all children in initial position in the earliest age group, but only at the older age groups did more than 90% of children produce these consonants accurately (36-41 months for /p/ and 42-47 months for /b/). This pattern was observed for voiced stops more generally such that voiced stops were mastered in word initial position first, then word medial, and finally at the oldest age group in word final position. In contrast, the development of the rhotic uvular fricative appeared to be faster in word-final position (first produced accurately by more than 90% of children by 30-36 months) and slower in word-initial position (first produced accurately by more than 90% of children at 36-41 months). These patterns speak to the gradual nature of phonological development that has been observed in longitudinal studies. How word and syllable position influence the order of acquisition of certain phonemes should be further explored in future studies.
A curious result in the present study is the relative early acquisition of the voiced alveolar fricative, /z/, and late acquisition of the voiceless alveolar fricative, /s/. Closer examination of the data regarding acquisition of these consonants by word position reveals that this discrepancy is largely due to the acquisition in word initial position. The alveolar fricatives are acquired in a parallel manner in word medial and word final position; in initial position, however, the accuracy of the voiceless alveolar fricative remains low across the age groups. In fact, the development of the /s/ did not follow a linear path in word initial position, but instead appeared to be parabolic (i.e., ''u-shaped'' curve): this consonant was produced accurately by the youngest age group, but the older children did not continue this pattern of accurate production. A non-linear development has been observed previously for /s/ in English (Kenney & Prather, 1986; Prather et al., 1975; Smit et al., 1990; Templin, 1957) . Although the path for /s/ in particular has surfaced in a number of studies, explanations for the phenomenon have been unsatisfactory and range from sampling error (Smit et al., 1990) , transcribers' bias (Kenney & Prather, 1986) , and re-organization of the phonological system (Smit et al., 1990) . In the present study, if the non-linear development was due to sampling error, one would expect decreased performance across all the consonants, which was not the case. To protect against transcribers' bias, the responses in this study were transcribed rather than coded using a binary correct/ incorrect system. The third explanation of reorganization of the phonological system cannot be explored with cross-sectional data.
An alternate explanation may be that two factors artificially enhanced the accuracy of this consonant (i.e., /s/) in the younger age groups: first, younger age groups were most likely to have imitated productions of the target words; and, second, only a sub-set of the children tested in the youngest age groups participated in the task, which may have had an impact on the results (i.e., only the best children at the earliest time point produced the target words). Imitation may explain some of the results for the youngest age group, where six children imitated productions for words containing /s/ initially, resulting in six accurate productions of the initial consonant. However, this relationship between imitated productions and accuracy decreased with age for these consonants. For children at 24-29 months, only four of six imitated productions of the target words had an accurate initial /s/. It is possible that the two youngest age groups benefited from a model for their production of /s/ resulting in higher accuracy scores; at later ages either children produced the word spontaneously or were not more accurate following a model, behaviours that may explain their lower accuracy scores for these consonants. In addition, by the age of 24 months children were easily participating in the task and thus the results are more representative of the general range of consonant accuracy. A longitudinal study of /s/ acquisition in elicited and spontaneous speech would provide valuable data towards understanding the acquisition of this consonant.
Link between consonant inventory and consonant acquisition
When consonant inventory was compared to consonant acquisition, it appears that some consonants emerged early and thus children demonstrated the ability to articulate the consonant, but the same consonants were not produced correctly in target words. Other consonants were slow to develop and were either mastered quickly, or continued to be difficult for children to produce. These results speak to the complex task that children are faced with in mastering the perceptual, acoustic, and motor components of consonant production and the phonological system that guides this production. For example, a sub-set of consonants emerged early and was mastered quickly (e.g., /t, m, n, z/), indicating relative ease in establishing phonetic and phonological representations. On the other hand, some consonants were slow to emerge and slow to be mastered (e.g., /v, å, w, Z/), suggesting a higher level of phonetic difficulty and a slower path to the establishment of phonological representations. For a final sub-set of consonants that emerged early but were mastered late (e.g., /s, j, $, l/), these consonants may have been relatively easy for children to develop phonetic representations for, but more difficult to establish phonological representations. Further research is needed regarding the phonetic development of consonants in French, including studies of perceptual, motor, and acoustical factors, and the manner in which these children build their phonological representations.
Cross-linguistic differences in consonant acquisition
Based on a comparison of results from the present study to similar cross-sectional studies conducted in English, a number of differences in acquisition were observed between these two languages. Since English and French differ phonetically and phonologically, the differences in acquisition may be due to differences in the phonetic detail of the consonants, their perceptual characteristics, the consonant frequency, and the stress systems.
Phonetic detail at the acoustic-motor level may explain some differences observed in the acquisition of stop consonants and the rhotic consonants. French children were observed to master voiced stops later than their English peers. This difference may be linked to the phonetic property of pre-voicing in French, which requires voicing prior to the release of the articulators-a complex task with regards to motor co-ordination, and a less salient acoustic signal. Voiced consonants in French are produced with pre-voicing (MacLeod & Stoel-Gammon, 2009 ), which requires vocal fold vibration and the build-up of intra-oral pressure prior to the release of the articulators; in contrast, voiced stops in English are produced with short-lag voicing (Lisker & Abramson, 1964; MacLeod & Stoel-Gammon, 2009 ), which entails vocal fold vibration immediately following the release of the articulators. Research on the development of voicing across a number of languages (e.g., English, Spanish, French, Hindi) has shown that short-lag voiced stops are acquired before their aspirated or pre-voiced homorganic pair (Allen, 1985; Davis, 1995; Macken & Barton, 1979) .
The earlier mastery of the rhotic in French may be explained by differences in perceptual salience and by differences in articulation between these two languages. The French ''r'' is a fricative that behaves phonologically as a rhotic, whereas in English the ''r'' is a approximant. From a perceptual point of view, the French rhotic is the only posterior fricative, and as such may be relatively easy to distinguish perceptually from other fricatives; whereas the English rhotic, the labio-velar glide, /w/, and the lateral liquid, /l/, have been found to be perceptually confused by children acquiring English (Menyuk & Anderson, 1969) and adult second language learners of English (Miyawaki, Strange, Verbrugge, Liberman, Jenkins, & Fujimura, 1975) . From an articulatory point of view, the French rhotic resembles other gestures required for producing fricatives; whereas the English rhotic requires a unique gesture in the language (i.e., a bunched or retroflexed tongue position (Guenther, Espy-Wilson, Matthies, Zandipour, & Perkell, 1999) ). The production of the rhotic in English may pose a greater challenge on both articulatory and perceptual levels.
Differences in the inter-play of consonant frequency of occurrence within a language and rarity across languages may provide insight into the later acquisition of the voiced alveo-palatal fricative /Z/ in French compared with English. Phoneme acquisition is influenced by frequency of occurrence of the phoneme within a language and by the rarity of the phoneme across languages-high frequency phonemes that are common cross-linguistically are acquired earlier than low frequency phonemes (Stemberger & Bernhardt, 1999) or rare phonemes (Jakobson, 1941 (Jakobson, /1968 . The frequency of occurrence of this consonant in spoken French is 1.75% (Malécot, 1974) , whereas it is 0.1% in spoken English (Crystal, 1995) . In addition, the distribution of the voiced alveo-palatal fricative in French is broad and includes word initial, word final, and word medial positions, and is produced in many common words; whereas its distribution in English is mostly limited to medial position (e.g., treasure, pleasure, measure), with rare occurrences in word initial and final position (e.g., jaune, garage). The voiced alveopalatal phoneme in French provides an interesting case of a relatively high frequent phoneme that is also rare cross-linguistically. Based on the data in this study, the phoneme is acquired late and suggests that consonant frequency and rarity contribute to the order of phoneme acquisition.
Differences in the stress patterns of English and French may explain the patterns of acquisition and mastery of consonants in word initial and medial position in French (both in syllable initial position). In English many words are trochaic, thus the word initial consonant is more salient than other consonants in the word by virtue of its position in the word and its tonic position (i.e., appears in the onset of the syllable that receives stress). In contrast, in French, word initial consonants in multisyllabic words are not tonic, although they may receive secondary stress under certain conditions. Word medial consonants in syllable onsets are likely to be tonic, thus word medial consonants may be more salient than consonants in the same position in English. One way to understand how saliency due to tonic position and word initial position impacts consonant development is to look at children's error patterns. In the study conducted by Rvachew and Andrews (2002) , English speaking preschool children with speech disorders were found to make similar errors in trochaic words on word medial and word final position, whereas children produced different types of errors on consonants in word initial position. In contrast, when producing iambic words (i.e., words with stress on word final syllable), the errors in word medial position were similar to those in word initial position. Would this pattern also be found for the mastering of consonants in the present study? The typically-developing children in this study acquired and mastered consonants in a similar manner in both initial and medial position, but the patterns of acquisition for word final consonants were very different. This result suggests that consonant acquisition in French is influenced by word position and tonic position, a result also noted by Demuth and Kehoe (2006) and Rose (2000) .
Clinical applications
The findings of this study suggest that mastery of consonants in Québécois French could be described in three periods: in the early period (i.e., before the age of 36 months) children had mastered four consonants, /t, m, n, z/; in the intermediate period (i.e., between the age of 36-53 months) children mastered an additional nine consonants, /d, k, g, v, s, å, l, w, H/; and the remaining four consonants, /s, Z, $, j/, fall in the late period (i.e., after the age of 53 months) since the children in the study had not yet mastered their production. In general, consonants produced in initial and medial word position were more accurate than those in final word position. Finally, children increased their production accuracy throughout the study and approached ceiling by the age of 4 years.
Speech-language pathologists working with French-speaking children have had to rely on data from the acquisition of English to identify delays in speech-sound development. The availability of the descriptive data in this study contributes to clinical practice in three ways. First, the data reveal developmental trends for a relatively large group of typicallydeveloping pre-school children speaking Québécois French and provide greater detail regarding the order and chronology of consonant acquisition. Second, this study takes a first step towards the identification of speech sound delays in pre-school children who speak French. For example, based on these data the mastery of the rhotic in French occurs much earlier than it does in English, thus a child who does not produce this sound accurately at the age of 4;6 would be among the 10% of children who have not yet mastered this sound. Third, this data will improve clinician's selection of appropriate treatment targets (i.e., early or late consonants). The present data will support speech-language pathologists practicing in French in designing treatment objectives that reflect course of phonological development in French.
Study limitations and future directions
Although this study included a large number of children across a wide age range, it has a number of inherent limitations. Imitated responses were accepted since many of the children in the younger groups only produced the target words in imitation. It is possible that by including imitated productions we overestimated the children's phonological abilities, especially at the youngest age groups. However, excluding imitated productions limited the dataset in the youngest groups and would have only represented a sub-set of these children's abilities. The focus on a small set of target words also limits the generalizability of the results; indeed, some error patterns may be related to the phonological complexity or lexical frequency of the target word, rather than the consonant itself. Further research concerning the phonological development of this language community is needed to explore error patterns and the acquisition of consonants that were not mastered within the age range targeted. Longitudinal research is also needed to identify the developmental path towards mastery of consonants in French. Finally, research describing the phonological acquisition based on a corpus of spontaneous speech would provide insight about consonant production, a more natural task.
The results of this study highlight the importance of conducting cross-linguistic studies of phonological development. Future studies will further inform our field on the universal aspects of speech sound development and the important language-specific factors that influence this development. Further research is needed to better understand the influence of differences in acoustic-motor production, differences in frequency of occurrence of consonants, and differences in stress patterns on phonological development in pre-school children. The language-specific patterns identified in the current study highlight that crosslinguistic generalizations should be made with great caution and that phonological development is sensitive to language-specific and child-specific factors.
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